Streptomyces bingchenggensis was isolated from a soil sample collected in Harbin, China. It can efficiently produce the commercialized anthelmintic macrolide compounds milbemycins A3 and A4 together with 10 novel milbemycin analogs (10) (11) (12) (13) (14) . Another insecticidal antibiotic, the polyether ionophore nanchangmycin, can also be produced by S. bingchenggensis (8) . Furthermore, two novel cyclic pentapeptides, bingchamides A and B, have also been isolated from this strain (9) . Considering the fertility of the secondary metabolites produced by S. bingchenggensis, its genome sequence should provide fundamental understanding of the biosynthesis of these compounds and facilitate the bioengineering efforts involving this species.
The genome sequencing of S. bingchenggensis was performed with the Illumina Genome Analyzer (Illumina, San Diego, CA) according to the manufacturer's instructions. High-molecularmass genomic DNA isolated from S. bingchenggensis was used to construct small (200-to 500-bp) and large (2-to 3-kb) random sequencing libraries. The reads were first filtered and assembled into 274 contigs using SOAPdenovo (http://soap .genomics.org.cn/). We then used the paired-end information, step by step from the shortest (224 bp) to the longest (2,000 bp) insert size, to join the contigs into 17 scaffolds. During the finishing phase, gaps between scaffolds were filled by primer walking, subcloning, and multiplex PCR. Putative protein-coding sequences were predicted using the GLIMMER program The majority of the genes (83%) predicted to be essential are located in the core region; while most of the secondary metabolite genes are found in the two noncore arms.
The S. bingchenggensis genome contains a very high number of insertion sequences, almost one-third of which are associated with transposases. About half of the insertion sequence elements are found in two large regions in the right arm (1.6 to 2.3 Mbp) and in the core region (9.9 to 10.4 Mbp), and transcriptional regulators are also highly distributed in those regions. The substantially lower GC content of these two regions indicates that they were acquired by horizontal gene transfer, which serves as a main strategy for genome expansion in actinomycetes. Approximately 400 kb at both ends also show remarkably low GC content, implying another exogenic gene acquisition event, which is reminiscent of the proposal that streptomycetes gain their linear ends from linear plasmids. Many transposase genes are found in the subterminal invert repeat regions, suggesting a high frequency of insertions here and offering another clue to genome expansion.
Preliminary analyses of the S. bingchenggensis genome revealed at least 23 gene clusters for polyketide, nonribosomal peptide, or terpene biosynthesis. Not surprisingly, 14 of the biosynthetic clusters are located in the 3.2-Mbp extralarge right arm, including the putative clusters for milbemycins and bingchamides; the nanchangmycin biosynthetic cluster, together with the other five cryptic gene clusters, are found in the core region; only three clusters are in the left arm. Milbemycins have an aglycone similar to that of other anthelmintic compounds, avermectins (4). Accordingly, its putative biosynthetic enzymes contain four large type I polyketide synthases (PKSs) possessing modules similar to those of avermectin synthases from S. avermitilis (3) . Specifically, the gene milA1, which encodes the loading module and the first elongation module of milbemycin, is 62 kb away from the other three milbemycin PKS genes, revealing a noteworthy example of a nonclustered biosynthetic pathway in actinomycetes. The nanchangmycin cluster is very similar to the cloned nanchangmycin type I PKS cluster from Streptomyces nanchangensis (7) . It contains all of the ORFs of the S. nanchangensis nanchangmycin biosynthetic cluster, and all of the putative proteins show extremely high similarity (most of them Ͼ95%) to their counterparts. Bingchamides A and B are proposed to be biosynthesized by nonribosomal peptide synthetases (NRPSs), and their postulated cluster contains four genes encoding NRPSs with five modules. The deduced substrate specificities of the five adenylation domains are in accordance with the solved structures of bingchamides. The other 20 gene clusters are proposed to dictate the biosynthesis of siderophore, geosmin, or absolutely unknown compounds waiting to be exploited by further endeavors.
Nucleotide sequence accession number. Genome information for the chromosome of S. bingchenggensis has been deposited in GenBank under accession number CP002047.
